Although the number of cases is small, I feel that the figures for Group I indicate the possibilities of a successful outcome in quite a large number of cases as a result of general and local non-operative treatment, and that operative treatment is required in only a small percentage of cases. The figures relating to Group II indicate the much more serious prognosis when secondary infection is present.
Treatment of Tuberculous Disease of the Spine By H. J. SEDDON, F.R.C.S.
ALTHOUGH there have been no notable recent advances in the treatment of bone and joint tuberculosis, much may be gained from discussion of our present methods, and their precise application.
Adult tuberculosis of the spine merits our special consideration because, like so many other conditions, it has its own particular mythology (for which we as orthopedic surgeons are partly responsible) now well established in the textbooks and teaching schools. We believe that spinal fusion is of great value in adults, as opposed to children it enables the time of treatment to be shortened, and ensures that healing of the spine will be sound. Is there any foundation for this belief, or is spinal fuision merely a matter of taste, or of expediency where there is lack of adequate open-air hospital accommodation ? If fusion is of value should it be done early or late ? Is it an alternative to prolonged rest in recumbency ?
I shall attempt to answer these questions by giving the results of an investigation of the histories of 92 patients, of whom 88 have been followed up completely, some for over twenty years. Thirty-two were treated by spinal fusion and 60 conservatively. They were not all treated ideally; some of the earlier cases were given nothing more than a spinal support, and a few refused hospital treatment when it wras available. From this heterogeneous collection it is possible to construct a fairly clear picture of the natural history of the disease, and a very clear one of its progress under conservative treatment. Some patients die-how many we cannot say. The rest recover w-ith more or less bone destruction and deformity, and once over the active stage have a fair prospect of freedom from relapse. Those with much bone destruction suffer from the usual effects of severe kyphosis pulmonary and cardiac embarrassment, backache, and late-onset paraplegia due to imperfect healing of the disease (Seddon, 1935) . Out of 11 surviving patients in this group, five recovered with gross deformity, and six with very little.
CASES TREATED CONSERVATIVELY It is my experience that adult tuberculosis of the spine is not a destructive disease. In children we know that early and adequate conservative treatment does not always prevent the destruction of several vertebral bodies, but in adults four out of every five cases show a lesion involving only two vertebrae with but little tendency to progressive bone destruction. Metaphyseal infection is the characteristic adult lesion. I have not found a single case in which I could be satisfied that the primary bone focus was of the central or osteomyelitic type, or the rare subperiosteal or neural arch type. In the fifth case, bone destruction advances up to a point (as in children) and then generally ceases.
A certain number of patients die, some from tuberculosis elsewhere, others as a direct result of the spinal disease. The total mortality due to tuberculous disease during the five years after the onset of the spinal lesion is 19.3 % ; that due to the spinal disease alone is 12-1%. It is important to note that the behaviour of the local lesion has little bearing on the prognosis as regards life. A case showing minimal bone destruction may be rapidly fatal 1; one at first showing progressive bone destruction may ultimately make an excellent recovery. The influence of visceral lesions.-The existence of tuberculous disease in a viscus gravely affects the prognosis. The following figures show that the mortality is increased almost sixfold if there is, or has been, frank involvement of the lungs or abdominal viscera. Skeletal lesions (e.g. involvement of the hip or knee) are comparatively uncommon and do not appear to have any great influence on the end-result.
Cases with visceral lesions (lungs 15, lungs and suprarenals 1, salpingitis 2): 18, with 11 deaths-61% mortality.
Cases with no obvious visceral lesion: 74, with 8 deaths-1I1 % mortality. Relative mortality-61 : 11.
Response to treatment.-Here we find the most astonishing variations. One patient recovers without ever receiving adequate treatment, another is fit to get up after nine to twelve months in an open-air hospital. Yet another has a stormy passage with troublesome abscess-formation or paraplegia, requiring two, three, or four years in hospital. One patient dies in a few months, another after four years of lingering 1 The total mortality in this group alone was 9.3%. will be severe and require prolonged treatment) is not known for certain. But I would suggest that adults have had time to develop more or less resistance to tuberculous infection-unlike children, most of whom are naturally susceptible like guinea-pigs. One adult is almost immune-his lesion is minimal and heals quickly. Another has little resistance and reacts poorly ( fig. 3 ).
Final result.-Once the patient is past the four-year mark from the onset of the disease, the prospect is almost rosy. There is little chance of his dying from spinal or any other form of tuberculous disease, and he has more than a 50 % chance of developing sound bony fusion of the affected vertebral bodies.
Comparison of cases treated conservatively with those receiving no treatment at all shows conclusively that conservative treatment almost always curtails the local ravages of the disease, and it is reasonable to believe that, in spite of our still lacking a specific remedy for tuberculosis, the combination of measures that we call conservative treatment has drawn the sting from a once fatal and crippling disease. At the same time the total mortality is still depressingly high.
Yet the price paid by the community (in money), and by the patient (in money and time), is a heavy one-about twenty months in hospital. Can we possibly improve matters by speeding up the treatment in the more favourable cases that show little bone destruction ? They might, perhaps, be treated by early grafting. Most of us have seen, perhaps been responsible for, patients treated successfully by early operation, and able to leave hospital after a stay of only a few months.
To place such a venture on a rational basis means making an early prognosis, both as to the local and general condition. Can it be done ? Let us take in order the signs that may be of help:
(1) The general condition. When a patient is first seen he may be obviously ill or apparently very well. Yet the sick man may become plump and cheerful after a few months in the open air, and the apparently sturdy patient may, alas, go downhill in spite of being in the most favourable surroundings. We can tell only by waiting.
(2) Pigmentation. It is well known that good pigmentation is a favourable sign, though the prognosis is generally bad in patients who pigment very deeply. But this sign again depends upon seeing how the patient responds to conservative treatment, and in any case is much too indefinite for our purposes.
(3) Serial radiographs. These too can be obtained only through the passage of time.
It is our practice to take radiographs at intervals of four months-occasionally two or three months, if there is reason to suspect the presence of a rapidly destructive lesion. The series of negatives usually shows the following stages in the progress of the disease: (a) the initial lesion-generally nothing more than a thinning of one intervertebral disc. There may be rarefaction of the adjoining vertebre, though increased density, particularly in the parts of the bodies adjoining the narrowed disc, was present in 11% of the adult cases.
(b) Commencing erosion of the surfaces adjoining the disc : disc still thinner: perbaps further rarefaction.
(c) In a severe case this destructive process may continue for many months, but the time comes when bone destructioni ceases, and the vertebral bodies are in good contact, with little or nothinlg of the disc remaining between them.
(d) A period of from four to eight months during which there is no change, merging into (e) The period of healing characterized by close apposition of the affected vertebre and a disappearance of rarefaction. During this period the patient is allowed to get up.
(f) At a later date, after the passage of between one and five years, unmistakable signs of bony fusion appear. The lesion is then soundly healed.
Valuable as they are, serial radiographs alone are not an entirely reliable guide to the patient's reaction to the disease. One patient may recover in a year, another patient, with a lesion showing the same progress radiographically, may die within nine months or linger on for three years. If serial radiographs can occasionally be so misleading, how much more difficult is it to make a prognosis from the initial picture ? In my opinion it is impossible ( fig. 4) .
(4) The erythrocyte sedimentation rate. We have been making observations on the E.S.R. at Stanmore during the last three years. It is certain that if the E.S.R. is high (50-100 Westergren) the disease is very active; but so far we have not found that the converse is true-namely, that a low E.S.R. indicates a relatively benign lesion. In any case I think it is still too early to make any definite pronouncement on the value of this interesting and rather mysterious test, in so far as joint tuberculosis is concerned.
Even taking these four prognostic signs together, I would hesitate to forecast the course of the disease in a particular case. I am convinced that one can tell only by waiting. One thing, however, is fairly certain : the patient with a visceral lesion is likely to do badly.
There is an alternative approach. Since I have shown that bone destruction is negligible in four-fifths of the cases treated conservatively (though it must be remembered that in 9.300 thev die of the disease), it may be suggested that all cases should be grafted early-with a fair prospect that the majority will do well and be spared perhaps a year in hospital. In the remainder one would have to hope for the best. This is, in fact, the policy at Hibbs' clinic where early spinal fusion is the routine treatment. Here are some of his figures, with mine for comparison. Unfortunately, Hibbs does not state the mortality rate in the 16-30 age-group (Hibbs, 1928 
24%0
There is nothing to suggest that the difference is attributable to tuberculosis in America being a more virulent disease, and I think it is not unconnected with the lack of conservative treatment in Hibbs' adult cases.
Where one is dealing with malignant disease such as carcinoma of the breast, early and radical treatment is imperative. In a relatively benign disease, where there is a safe and perhaps more effective alternative to operation, the surgeon who intervenes early in every case is pursuing a course not easily justified.
Before going further into this question of spinal fusion, it is necessary to consider current views on the function of the bone graft.
(1) Mechanical: Most of us agree that an autogenous bone graft applied to the adult spine is a remarkably efficient splint, and as such has a wide field of usefulness.
But in tuberculous disease it is a two-edged sword. If fusion is performed early, it can generally be relied on firmly to lock the affected vertebrae. Should the disease continue to advance after the operation (and we know that this can happen), a cavity is created which is prevented by the graft from closing (Calve, 1935 , McKee, 1937 . Pott realized that the natural process of healing is by ankylosis-at first fibrous and later bony-between the involved vertebral bodies; in his own words " this is the thing aimed at ". An early graft may interfere with this process. It is remarkable that although we all appreciate the importance of obliterating cavities to obtain sound healing in chronic osteomyelitis or infection of the mastoid cells, and are prepared to perform heroic operations to collapse a tuberculous lung, there seems to be some difficulty in understanding that Pott's disease should be allowed to heal in the same way. Left to itself-it will do so.
(2) Biological: Certain surgeons, notably Albee, believe that the graft, by increasing the local blood supply, assists in the healing of the disease. Whatever may be the experimental evidence supporting this hypothesis, the clinical fact is that early spinal fusion does not stop the progress of the disease, not even in a majority of the cases. Hibbs, again, has provided us with evidence on this point, and there is no doubt that the technique of spinal fusion as performed at the New York Orthopiedic Hospital is superb. The figures are as follows: Out of 286 cases of all ages there was no increase in deformity (i.e. no progressive bone destruction) in only 123 (Hibbs, 1928) . Similar evidence is provided by McKee (1937) . Furthermore, it is well known that abscesses, sinuses, and amyloid disease, and paraplegia sometimes occur after " successful " spinal fusion-so called. For these reasons I have little if any faith in the biological action of the graft for tuberculous disease of the spine.
If a graft is to be used at all, it should be in the final stage of conservative treatment-after bone destruction has ceased, and after the affected vertebral bodies have been allowed to fall together so that fusion can occur. This has been the policy at Stanmore during recent years, and we felt entitled to expect that the results would show: (1) Reduction in the duration of hospital treatment; (2) accelerated fusion of the diseased vertebrae; (3) abolition of the necessity for wearing a support for a long period; (4) freedom from recurrence of the disease.
What, in fact, have been the results ?
(1) The average time in hospital for the grafted cases was eighteen months. That for patients treated conservatively was twenty months, and this includes all the cases that lingered on, dying from spinal disease and phthisis. There is, at most, a possible saving of two months. But at Stanmore spinal fusion is reserved for cases in which the prognosis is good, and this in itself might be sufficient to account for the difference of two months in favour of spinal fusion.
(2) It seems reasonable to suppose that bony fusion posteriorly would be followed fairly quickly by bony fusion of the affected vertebral bodies, provided that collapse is allowed to occur before the operation is performed. At the same time we must remember that healing by bony fusion is a not uncommon result of purely conservative treatment.
Here I cannot give a figure expressed as a percentage that is of any value. It was not possible to take serial radiographs after discharge from hospital in every case, and the group of cases is not, therefore, sufficiently large to allow of simple analysis. But the figures show that fusion of the bodies is every bit as frequent after purely conservative treatment as after conservative treatment plus fusion-if not more frequent (Table III) . The series of cases treated by fusion is the more recent, and it is possible that some of the cases not showing fusion at the present time will do so later. Even so, the average time before fusion occurs will be greater in the series of cases treated by operation.
(3) Figures dealing with the length of time that a spinal support is worn cannot be yery accurate, since the caprice of the patient affects this more than any other stage of the treatment. Some patients attend wearing supports that look surprisingly clean, and one suspects that they are worn only for ceremonial appearances at the Section of Orthopcvdics 957 out-patient department. Others develop an affection for a spinal support that one can only describe as pathological, and no amount of argument can persuade them that the apparatus is no longer necessary. Here are the figures for what they are worth in 50 cases in which the information is accurate. Patients treated conservatively wore supports for an average period of two years and three months-those treated by spinal fusion, for one year and nine months: a saving of six months.
(4) Spinal fusion has no noticeable influence on the incidence of late recurrence of the disease. Such recurrence was present in only three cases-one treated conservatively, and two by spinal fusion.
The only benefits, therefore, that may be credited to spinal fusion in the treatment of tuberculous disease of the spine are a saving of two months in the period of hospital treatment, and six months when the spinal support is being worn. Although in our hands the operation has no mortality and has been devoid of serious complications, I am by no means convinced that it is worth while as a routine procedure.
Nevertheless there are certain uncommon indications for operation that are worth consideration, and I give them in order of importance.
(1) Pain at the site of the lesion, due not to active disease, but to an unsound fibrous ankylosis. There were five such cases in this series patients who were readmitted on account of pain, which was abolished completely by spinal fusion.
(2) Persistent fibrous ankylosis with no radiographic evidence of progress towards bony fusion. This condition has much in common with (1) inasmuch as it is often associated with a distressing feeling of weakness in the back. But it usually follows the more destructive lesions of childhood, and operation is, therefore, more commonlv indicated in young adults who suffered from the disease years before. There were only three adult cases of this type; they were all relieved by operative fusion, and the affected vertebrae subsequently became fused by bone.
(3) Occupation. A music mistress does not need a fusion operation, but the operation may be valuable for a waitress or a commercial traveller wAho has to spend hours in walking or in driving a car.
(4) High thoracic lesions are notoriously slow to heal by bony fusion, and it is difficult to supply an adequate spinal support that is comfortable. It is now my practice to treat such cases by spinal fusion, and to allow the patient to leave the hospital without any form of external splinting. I am not yet able to say that this is a sound policy, but it seems promising.
CONCLUSIONS
Adult tuberculosis of the spine is best treated conservatively. Provided that there is no associated visceral lesion, the prognosis is good (total mortality 11%), and the risk of local recurrence very small. The presence of a visceral lesion renders the outlook most unfavourable (total mortality 61%).
A comparison of cases treated on purely conservative lines, with those treated conservatively and by terminal spinal fusion shows that the addition of the operation (1) reduces the period of hospital treatment by two months [I ']Months ; (2) reduces the period during which a support is required by about six months [21 moiths] (3) delays fusion of the vertebral bodies by many months-perhaps for more than one year.
There is therefore hardly sufficient justification for the routine performance of the operation.
In this series of patients there was a deliberate selection of the cases for operation. However, this does not invalidate the comparisons that have been made, since spinal fusion was reserved for the more favourable cases, and the conclusions are slightly against the operation. If alternate cases had been subjected to operation, it is likely that the verdict against spinal fusion would have been much stronger.
Finally, my own opinion was strongly in favour of spinal fusion as the final stage in the conservative treatment, and I have performed the operation 40 times on patients at all ages from 8 years upwards. It came as a rude shock to find one's cherished beliefs shattered by a dispassionate examination of a fairly well documented series of cases. I therefore feel justified in presenting these conclusions as the true interpretation of the facts.
